Background: Antidepressant use is very common in the elderly, but the effects of antidepressants on cognition in the elderly are controversial with some studies suggesting harm and others protection. We aimed to investigate the association between different antidepressant use and change in cognition and risk of mild cognitive impairment (MCI) or dementia in very old women. Methods: We examined 1,234 community-dwelling women (mean age 83.2 years) from the Study of Osteoporotic Fractures. Baseline antidepressant use was reported and verified by medication containers, and medications were coded with computerized dictionary. Cognitive status (normal, MCI, or dementia) was adjudicated by an expert clinical panel 5 years later. Change in a short-form Mini-Mental State Examination and Trails B were evaluated over 5 years. Results: Eleven per cent of the women were taking antidepressants. Users of selective serotonin reuptake inhibitors (SSRIs) had the greatest cognitive decline over 5 years, after adjustment for demographics, medical comorbidities, benzodiazepine use, and baseline cognition. Multivariable logistic regression shows that the users of SSRIs were more than twice (OR = 2.69, 95% CI = 1.64-4.41) and trazodone users more than three times (3.48, 1.12-10.81) as likely to develop MCI or dementia compared with the nonusers. Further adjustment for baseline cognition or depressive symptoms did not appreciably alter the results, and the association remained after excluding women with high depressive symptoms. The use of tricyclic antidepressants or other antidepressants was not significantly associated with cognitive outcomes. Conclusions: The use of antidepressants, especially SSRIs and trazodone, was associated with an increased risk of cognitive impairment 5 years later among the oldest old women.
Antidepressants are one of the most frequently prescribed medications, and the rate of antidepressant use worldwide has increased dramatically over the past two decades (1) (2) (3) . Several mechanistic studies have suggested that antidepressants could be neuroprotective due to lower toxic amyloid-β formation, increasing neurotrophic factor, and promoting neurogenesis (4) (5) (6) . Meanwhile, a growing number of population-based studies (7) (8) (9) (10) have shown conflicting findings on the cognitive effects of antidepressants in older adults. Several studies reported either no significant association between antidepressant use and cognitive decline (9, 11) or a reduced risk of cognitive decline or dementia associated with antidepressant use, especially among patients with depression or Alzheimer's disease (10, (12) (13) (14) . However, several others suggested that antidepressant use was associated with an increased risk of developing mild cognitive impairment (MCI) or dementia (7, 8, 15) . One recent metaanalysis summarized five population-based studies and concluded that those who developed cognitive impairment were twice as likely to have been using antidepressant drugs compared with the nonimpaired individuals (16) . Notably, the majority of studies to date have included patients with depressive symptoms. It is critical to tease out the influence of depression, given that it could be depression or the reduction of depressive symptoms itself that is associated with changes in cognitive outcomes. Furthermore, few studies have examined the cognitive effects of different classes of antidepressant, despite some evidence showing a reduced risk of dementia associated with the use of tricyclic antidepressants (TCAs) rather than with other types of antidepressants such as selective serotonin reuptake inhibitors (SSRIs) (7, 17) .
Given the high burden of dementia in older adults, it is important to understand whether the use of different classes of antidepressants might reduce or increase the risk of cognitive impairment in older individuals. We prospectively investigated the relationship between the use of different antidepressants and change in cognitive function as well as risk of MCI or dementia in very old women who did not have cognitive impairment. We also examined whether the association is independent of baseline depression or cognitive status, and if it remains in individuals without depressive symptoms.
Methods

Participants
We studied participants enrolled in the Study of Osteoporotic Fractures (SOF) (18) , a longitudinal cohort study of communitydwelling Caucasian women. From 1986 to 1988, women aged 65 years or older were recruited from population-based listings in four United States areas: Baltimore, Maryland; Minneapolis, Minnesota; Pittsburgh, Pennsylvania; and Portland, Oregon. At each site, the institutional review boards approved the study, and all participants provided written informed consent.
This study is part of an ancillary study of SOF, which was initiated at two (Minneapolis and Pittsburgh, n = 2,732) of the clinical sites during the eighth clinic visit (January 2002-April 2004). This visit is the "baseline" for this study, when eligible women provided medication information and completed a set of cognitive tests including Mini-Mental State Examination (MMSE), short-form MMSE, and Trail Making Test (Part B; Trails B). At the ninth visit (November 2006-September 2008), 1,300 women completed a battery of neuropsychological tests, and the cognitive status of these participants was adjudicated. After excluding 22 women who reported a history of Alzheimer's disease or dementia and were taking dementia medications, and those with a MMSE score <24 at baseline, our primary analytic cohort included the 1,234 women who had complete data on antidepressant use at baseline, repeated cognitive measures, and cognitive status adjudication. Supplementary Figure 1 shows the progression of the study to our analytic cohort.
Antidepressant Use
At baseline, participants were asked to bring in all current (defined as daily or almost daily use in 30 days preceding the examination) prescription and over-the-counter medications. Interviewers then completed a medication history for each participant, including the name of the medication and frequency of use. A computerized coding dictionary was used to classify the type of medication from product brand and generic names or ingredients obtained from containers (19) . In this study, "nonusers" were defined as women not taking any type of antidepressant. Users of antidepressants were further grouped into users of SSRIs alone, trazodone alone, TCAs alone, and users of any other or multiple antidepressants.
Cognitive Examination
Participants completed the short-form MMSE (20) (25) , a measure of sematic memory. Cognitive impairment was determined in a twostep process (26) . First, women were screened for one or more of the following criteria: (i) score < 88 on the 3MS; (ii) score < 4 on the California Verbal Learning Test delayed recall; (iii) score ≥ 3.6 on the Informant Questionnaire on Cognitive Decline in the Elderly; (iv) previous dementia diagnosis or use of dementia medication; or (v) nursing home residence. The women who screen positive as well as a random sample of those who screen negative are adjudicated for clinical cognitive status determined by a panel of clinical experts who review all cognitive, self-reported medical history, and functional data. The remaining women who screen negative are considered cognitively normal. A diagnosis of dementia is made based on DSM-IV criteria (27) . MCI is diagnosed using modified Petersen Criteria (28), which requires a cognitive impairment that is insufficient to meet criteria for dementia and generally intact function.
Other Measures
All participants completed questionnaires on demographics and medical history and underwent a physical examination at each clinical visit. Information on age, education, alcohol intake, history of stroke and myocardial infarction (MI), and benzodiazepine use was included in multivariable models as potential confounders. Body mass index was defined as weight in kilograms divided by height in meters squared. Depressive symptoms were determined using the Geriatric Depression Scale (GDS), a validated 15-item questionnaire commonly used for assessment of depressive symptoms in older adults, with a higher score representing more depressive symptoms (29) . We defined high depressive symptoms as having a GDS score of 6 or greater.
Statistical Analysis
We first compared the characteristics of the participants by antidepressant use (yes/no). We used student's t-tests for normally distributed continuous variables, Wilcoxon rank sum tests for skewed variables, and chi-square tests for categorical variables. We used multivariable linear regression to model log-transformed cognitive scores and change in cognitive scores. The adjusted means of shortform MMSE and Trails B scores by different types of antidepressant use were calculated for both the baseline and follow-up visit by exponentiation of the log-transformed scores. The multivariable model simultaneously included cognitive test scores at baseline and covariates that were associated with both antidepressant use and cognition at p < .10, including age, education, alcohol intake, history of stroke and MI, and benzodiazepine use. We then used logistic regression to examine the association between antidepressant use and risk of developing MCI or dementia, adjusting for the above covariates; additional models were adjusted for baseline cognitive test scores, and for high depressive symptoms. Finally, in order to address the influence of depression, we performed sensitivity analysis by (i) restricting the analysis only to women without evidence of high depressive symptoms; (ii) excluding women who had depressive symptoms but were not using antidepressants; and (iii) excluding women who have had history of high depressive symptoms (past history of GDS score ≥ 6) for up to 14 years prior to the baseline visit. Results are presented as odds ratios (OR) and 95% confidence intervals (CI). A two-sided p-value of <.05 was considered statistically significant. Analyses were conducted using Stata, version 14.1 (Stata Corp LP, College Station, Texas).
Results
After excluding participants who had significant cognitive impairment at baseline, the study sample included 1,234 women (mean age: 83.2 ± 2.9 years). One hundred forty (11 per cent) of these women were taking antidepressants, of which 77 were users of SSRIs alone, 15 trazodone alone, 32 TCA alone, and 16 other or multiple types of antidepressants. The baseline characteristics of the sample by use of antidepressants are summarized in Table 1 . Compared with the nonusers, users of antidepressants had a higher body mass index and were about twice as likely to have a history of stroke or MI, to be taking benzodiazepines and to have high depressive symptoms (GDS score ≥ 6). Users of antidepressants and the nonusers did not differ significantly in age, education, or alcohol consumption. Of the 140 antidepressant users at baseline, 95 (67.9 per cent) were also using antidepressants at year 5; one hundred (9.2 per cent) of the nonusers at baseline became users of antidepressants at year 5.
The baseline mean sMMSE scores were 24.6 ± 1.5 and 25.0 ± 1.2 points and baseline Trails B scores were 147.4 ± 56.4 and 130.4 ± 54.9 seconds for users and nonusers of antidepressants, respectively. Figure 1 shows the adjusted mean sMMSE and Trails B scores by antidepressant use, and suggests that SSRI users had the greatest decline from baseline to the follow-up visit on both cognitive tests. Linear regression reveals that the β associated with SSRI use was −1.09 (p = .007) and 42.59 (p < .001) for change in short-form MMSE and Trails B test scores, respectively, after adjusting for age, education, body mass index, history of stroke and MI, benzodiazepine use and baseline cognitive score. Use of other types of antidepressants was also associated with greater decline in cognitive tests compared with the nonusers, but the associations were not statistically significant.
Over Table 2 shows the adjusted ORs of developing MCI or dementia by usage of antidepressants. After adjustment for all covariates, users of SSRIs were more than twice (OR = 2.69, 95% CI = 1.64-4.41) and trazodone users more than three times (OR = 3.48, 95% CI = 1.12-10.81) as likely to develop MCI or dementia, compared with those not taking any antidepressants. Further adjustment for baseline cognitive scores or GDS scores did not appreciably alter the results. The use of TCAs and other or multiple antidepressants was not significantly associated with the risk of developing MCI or dementia. Sensitivity analysis shows that after excluding women with high depressive 
Discussions
In a cohort of very old women, we found that those who were using SSRIs had the greatest decline in cognitive function over 5 years, compared with those not taking any antidepressant and those who were taking other types of antidepressants. Users of SSRIs or trazodone were more than twice or three times as likely to develop MCI or dementia 5 years later, compared with those not taking any antidepressant. The associations were independent of baseline cognition and depressive symptoms, and remained after excluding women with high depressive symptoms.
Previous studies have reported conflicting results on the relationship between antidepressant use and cognitive impairment (7, 10, 12, 17) . This could be partly due to the inclusion of patients with depression or cognitive impairment at baseline. Depression has been associated with an increased risk of dementia, both in the SOF cohort and in other populations (30) (31) (32) (33) . Growing evidence also suggested that late-life depressive symptoms could be prodromal features of dementia (34) , and older adults who use antidepressants are more likely to have high depressive symptoms. Therefore, the influence of depression on the relationship between antidepressant use and cognitive impairment is of particular interest. It is unclear if the increased dementia risk associated with antidepressant use results from the depression itself, and if the reduced risk of cognitive impairment is because of the reduction in depressive symptoms rather than direct benefits of antidepressants. Besides, users of antidepressants are more likely to have remitted depression, but it is unknown whether the cognitive effects of antidepressants could be due to individuals' past history of depression.
We investigated the independent effects of antidepressants on both cognitive decline and cognitive impairment, and found that those who were using antidepressants, especially SSRIs, had greater cognitive decline and an increased risk of MCI or dementia, irrespective of their depressive symptoms. The association remained even after excluding participants with high depressive symptoms at baseline or those with a history of high depressive symptoms; thus, it is unlikely that the observed relationship between antidepressant use and cognitive impairment is mainly through depression or past history of depression. Unlike our study, the Health and Retirement Study failed to find any significant association between antidepressant use and cognitive decline (9) . This could be because they have used an unstandardized cognitive battery, which might not be particularly sensitive to the cognitive change related to antidepressant use. Moreover, their study sample was not restricted to cognitively nonimpaired people, and when stratified by baseline cognitive status, they did find significant cognitive decline among antidepressant users with normal cognition at baseline but nonsignificant decline for those with baseline cognitive impairment. It is possible that the use of antidepressants might help us to reduce cognitive decline in patients with cognitive impairment (12) but not in those with normal cognition. Given the complex role that baseline cognition might play in this relationship, we excluded participants with significant cognitive impairment at baseline and adjusted for baseline cognitive scores throughout the analysis.
Our results are consistent with prior findings from the Women's Health Initiative Memory Study (WHIMS), which suggested that antidepressant use was associated with increased risk of incident MCI or probable dementia in both depressed and nondepressed postmenopausal women (8) . Interestingly, the WHIMS found an increased risk in users of SSRIs or TCAs, whereas our study suggested an increased risk in users of SSRIs or trazodone but not in TCAs users. It should be noted that the WHIMS included 6,998 women and had higher number of users of specific types of antidepressants than our study. Meanwhile, two other studies (7, 17) suggested that the use of TCAs was protective against dementia while use of other antidepressants, including the SSRIs, was associated with an increased risk or no risk of dementia. A review of 18 clinical studies concluded that trazodone might impair attention, whereas no detrimental cognitive effects were found for SSRIs (35) . It is unclear whether and why certain types of antidepressants might influence cognition differently. Notably, the number of participants who were using specific classes of antidepressants, such as trazadone, was small in this study. Future studies should explore further the cognitive effects of different types of antidepressants in the elderly.
The cognitive effects of SSRIs and their potential mechanisms are controversial. Animal studies have shown that SSRIs play an important role in hippocampal neurogenesis and neuroplasticity, as well as suppressing τ pathology and production of amyloid-β (36, 37) . Treatment with SSRI fluoxetine might also help restore dendritic development and the expression of 5-hydroxytryptamine (5-HT) receptors and brain-derived neurotrophic factors, which in turn improves neurogenesis and cognitive performance (38, 39) . However, these benefits were found to lose with age in mice models (40) , suggesting potentially different cognitive effects of antidepressants among the elderly. In addition, anticholinergic activity, which is often present in many antidepressants including SSRIs, is known to have adverse effects on cognitive function (41, 42) . It is possible that the greater cognitive decline and impairment found among the users of SSRIs could be due to greater anticholinergic properties, whereas the mechanism is less clear for trazodone, which has no anticholinergic activity. Moreover, epidemiologic evidence has suggested that the use of antidepressants, particularly the SSRIs, might be associated with an increased risk of stroke and MI due to their antiplatelet effects and serotonergic-related arterial vasoconstriction (43, 44) . The increased cardiovascular disease (CVD) risk could eventually contribute to an elevated risk of dementia, especially vascular dementia. Although women who were using antidepressants in this study were more likely to have had a history of stroke and MI, the observed relationship between antidepressant use and cognitive impairment remained after adjustment for a history of CVD.
Strengths and Limitations
This is the first study that examined the association between the use of different antidepressants and both cognitive decline and risk of cognitive impairment in very old women. Its prospective study design and focus on women without cognitive impairment at baseline have allowed for study of the direction of the relationship. We were also able to explore the impact of depression on this relationship by enrolling women both with and without depression, controlling for depressive symptoms, and by sensitivity analysis with exclusion of those with high depressive symptoms. Moreover, the assessment of antidepressant use was conducted and verified using a standardized medication classification system, and cognitive impairment was determined rigorously by a panel of clinical experts. A few limitations need to be considered in interpreting these results. First, this cohort is comprised of older Caucasian women and thus our findings might not be generalizable to men, younger, or more ethnically diverse populations. Only a small proportion of women who were on antidepressants also had high depressive symptoms. Therefore, we could not examine the relationship specifically among depressed patients, or the interaction between antidepressants and depressive symptoms. Likewise, our findings on the cognitive effects of different classes of antidepressants should be interpreted with caution, given the small number of participants who were taking certain types of antidepressants. It should also be noted that prescriptions could change over time as participants' cognitive status changes. We did not have information on the duration of antidepressant use, although our data did suggest change in the use of antidepressants from baseline to follow-up; we also did not have information regarding dose: trazodone and TCAs are often used for sleep-related indications at low doses. Finally, although we controlled for a number of potential confounders including baseline cognition and continuous scores of depressive symptoms, residual confounding remains a possibility. Those who were using antidepressants might already be experiencing subclinical cognitive impairment or had depression that was not captured by the GDS.
Conclusion
Among very old community-dwelling women with and without depression, the use of antidepressants, especially the SSRIs and trazodone, was associated with an increased risk of developing cognitive impairment 5 years later. These findings add to the heated debate over the risks and benefits of antidepressant use in the elderly, and highlight the complexities of the cognitive effects of different classes of antidepressants. Although causality cannot be established from this study and it is unclear whether antidepressant use is an independent predictor for cognitive impairment, the use of antidepressants does not seem to be protective against cognitive decline in the elderly. Further research is required to fully disentangle the effects and mechanisms of different types of antidepressants, and to explore options for optimal management of depression in older adults. Meanwhile, older adults who are taking antidepressants should be followed closely for cognitive function and risk of cognitive impairment.
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Supplementary data is available at The Journals of Gerontology, Series A: Biological Sciences and Medical Sciences online.
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